Abstract Effective combination antiretroviral therapy (ART) has enabled human immunodeficiency virus (HIV) infection to evolve from a generally fatal condition to a manageable chronic disease. This transition began two decades ago in high-income countries and has more recently begun in lower income, HIV endemic countries (HIV-ECs). With this transition, there has been a concurrent shift in clinical and public health burden from AIDS-related complications and opportunistic infections to those associated with well-controlled HIV disease, including cardiovascular disease (CVD). In the current treatment era, traditional CVD risk factors and HIVrelated factors both contribute to an elevated risk of myocardial infarction, stroke, heart failure, and arrhythmias. In HIV-ECs, the high prevalence of persons living with HIV and growing prevalence of CVD risk factors will contribute to a growing epidemic of HIV-associated CVD. In this review, we discuss the epidemiology and pathophysiology of cardiovascular complications of HIV and the resultant implications for public health efforts in HIV-ECs.
Introduction
Over the past two decades, increased availability of antiretroviral therapy (ART) has allowed HIV to transition from a generally fatal disease into a chronic and manageable disease. Whereas only 2 % of persons living with HIV (PLWH) worldwide were taking ART in 2001, 40 % of PLWH (15 million total persons) were on ART by 2015 [1] . Much of this increase has been driven by improved ART availability in HIVendemic areas of sub-Saharan Africa (SSA); however, other HIV endemic countries (HIV-EC) have also witnessed substantial increases in access to ART among PLWH. For example, ART coverage increased in Thailand from 8 to 72 % over 10 years and in Cambodia from almost 0 to 70 % over a 13-year period [2] [3] [4] [5] . As longevity has improved for PLWH due to effective and available ART, PLWH are now experiencing chronic non-communicable diseases such as cardiovascular diseases (CVDs), for which PLWH are at elevated risk compared with uninfected persons [1, [6] [7] [8] [9] [10] [11] [12] . This residual risk for CVD has been attributed in part to traditional CVD risk factors and in part to HIVassociated chronic inflammation and immune activation.
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The content of this review is summarized in Table 1 . In the first part, we discuss the general epidemiology and pathophysiology of CVD in PLWH, and in the second part, we focus specifically on HIV-ECs. We define HIV-ECs as those countries where the epidemic is generalized throughout the entire population. More specifically, HIV-ECs are countries with HIV prevalence >1.0 % where at least 50 % of cases are due to heterosexual transmission and the ratio of male to female cases is less than two [13] . Broadly, this definition includes most countries in SSA plus several countries in the Caribbean and Central/South America. In Asia, only three countriesCambodia, Myanmar, and Thailand-fit this definition.
Cardiovascular Complications of HIV/AIDS Epidemiology
Many studies have demonstrated that PLWH are at increased risk of various manifestations of CVD compared with uninfected persons [6] . Figure 1 is a conceptual model depicting the transition in relative prevalence of HIV-associated CVD complications from the pre-ART era through the present; as access to ART has become more widespread, CVD-related complications of advanced HIV/AIDS (particularly HIV/ AIDS cardiomyopathy) have become less common and been Patterns of Cardiovascular Morbidity and Mortality in HIV-ECs •In HIV-ECs, there is a double burden of endemic (dilated cardiomyopathy, rheumatic heart disease, and others) and emerging (hypertensive and ischemic) causes of CVD.
Traditional CVD Risk Factors in HIV-ECs
•The adoption of BWestern lifestyles^in HIV-ECs-tobacco and alcohol use, sedentary lifestyles, and atherogenic fast food consumption-increasingly contributes to the burden of CVD •Hypertension is common in HIV-ECs, with poor awareness and low rates of treatment.
Unique CVD Risk Considerations among PLWH in HIV-ECs
•Substantial numbers of HIV+ persons in HIV-ECs still lack access to ART and are thus at risk for CVD complications of uncontrolled infection and AIDS •Although untreated HIV infection is associated with lower blood pressure, hypertension commonly results after ART initiation and is an important driver of CVD risk among PLWH in HIV-ECs.
largely replaced by CVD manifestations found commonly in the general population. However, PLWH appear to bear a substantially greater burden of common CVD manifestations-including myocardial infarction (MI), stroke, heart failure, and arrhythmias-compared to uninfected persons. Rates of myocardial infarction (MI) appear to be consistently higher for PLWH than uninfected persons even after adjustment for demographics and relevant clinical covariates. In an analysis of 82,459 veterans (33 % HIV+) from the Veterans Aging Cohort Study (VACS), HIV-infected veterans had 1.48 times [95 % confidence interval (CI) 1.27-1.72] greater risk for incident MI compared with uninfected veterans after adjustment for cardiovascular risk factors, clinical comorbidities, and substance use [7] . This elevated risk for MI persisted among HIV-infected veterans with successful viral control (HIV-1 viral load <500 copies/mL), who had adjusted hazard ratios for incident MI of 1.39 (95 % CI 1.17-1.60) compared with uninfected veterans [7] . Among VACS participants with no major cardiovascular risk factors, HIV-infected veterans had a two-fold (HR 2.0, 95 % CI 1.0-3.9) increased risk for MI compared with uninfected veterans [11] . Similarly, an analysis of 3851 PLHIV and 1,044,589 uninfected patients in the Partners HealthCare System (Boston, MA) found that hazard ratios for incident MI for HIV-infected versus uninfected (adjusted for demographics, hypertension, diabetes, and dyslipidemia) were 1.40 (95 % CI 1.16-1.67) for men and 2.98 (95 % CI 2.33-3.75) for women, respectively [9] .
Heart failure also appears to be particularly common among PLWH. Prior to the widespread use of ART, the primary recognized HIV-associated manifestation of heart failure was nonischemic cardiomyopathy, which was generally described as severe and symptomatic systolic dysfunction in the setting of advanced HIV/AIDS [14] [15] [16] . In a study of 8486 veterans (28.6 % HIV-infected) followed for a median of 7.3 years, HIV-infected veterans had significantly greater risks for incident heart failure (HR 1.81, 95 % CI 1.39-2.36) after adjustment for demographics and relevant clinical covariates [17] . Heart failure risk was particularly high among HIV-infected veterans with poor viral control; HIV-infected veterans with baseline HIV viral load ≥500 copies/mL had 2.28-fold greater risk for incident HF (95 % CI 1.57-3.32) compared with uninfected veterans [17] . The increased risk of heart failure associated with HIV persists when ischemic etiology and alcohol abuse are excluded [17] , is similar for preserved vs reduced ejection fraction [18] , and appears to be greater in women than in men [19•] . Several cohort studies from the ART era have also found relatively high rates of systolic and diastolic dysfunction (often asymptomatic) among PLWH. A meta-analyses of several of these cohort studies that included 2242 PLWH from 11 studies primarily from North America and Europe found a 8.3 % prevalence of systolic dysfunction and 43.3 % prevalence of diastolic dysfunction [20] [21] [22] [23] [24] .
Other CVD manifestations might also be more common among PLWH. Pulmonary hypertension was identified in the pre-ART era as being substantially more common among PLWH than uninfected persons [25, 26] . Subsequent analyses from the modern ART era have also demonstrated an elevated prevalence of pulmonary hypertension among PLWH, though potential mechanisms of HIV-associated pulmonary hypertension remain under debate [27] [28] [29] [30] [31] . Ischemic stroke also appears to be more common in HIV infection. A recent analysis from the Partners HealthCare System found significantly greater risks for stroke among PLWH versus uninfected persons after adjustment for demographics and stroke risk factors (HR 1.21, 95 % CI 1.01-1.46) [10] . HIV may also be associated with arrhythmias. Atrial fibrillation was significantly more common among PLWH with uncontrolled HIV (HIV viral load >100,000 copies/mL vs <500 copies/mL: HR 1.4, 95 % CI 1.1-1.8) and severe immune dysfunction (CD4+ cell count <200 cells/mm 3 vs >350 cells/ mm 3 : HR 1.7, 95 % CI 1.2-2.4) in the VACS [32] . Additionally, an analysis of data from a public HIV clinic in San Francisco found that rates of sudden cardiac death for PLWH were 4.5-fold greater than expected based on region and demographic composition of the cohort. [12] While the evidence for heightened CVD risk in HIV is strong, we acknowledge that trends toward early initiation of ART may result in lower CVD risk among PLWH over time. There also is emerging evidence that aggressively managing CVD risk among HIV-infected patients may lead to declining rates of CVD events. For example, in the Northern and Southern California Kaiser Permanente system, there has been a declining relative risk for MI among HIV+ individuals with access to care which may be partly attributable to awareness raising campaigns among primary providers [33•] . Furthermore, HIV-infected patients who are engaged in care may be more likely to receive preventive services during mid- Fig. 1 Conceptual model: evolution of HIV-related causes of cardiovascular morbidity and mortality. Dilated cardiomyopathy and myopericarditis were common complications of advanced HIV/AIDS in the pre-ART era. As PLHIV are living longer due to ART, they are increasingly at risk for more common cardiovascular complications, such as myocardial infarction, stroke, and heart failure (including heart failure with preserved ejection fraction). These complications account for an increasing proportion of HIV-related cardiovascular disease life (ages 30-60) compared to a demographically similar HIVuninfected population.
Pathophysiology

Atherosclerotic CVD: Traditional CVD Risk Factors
The higher CVD risk observed in PLWH is partially mediated by traditional risk factors. Dyslipidemia is quite common in the setting of untreated and treated HIV. Patients with uncontrolled HIV/AIDS generally have a characteristic lipid phenotype of high triglycerides, low high density lipoprotein cholesterol (HDL-c), and low low density lipoprotein cholesterol (LDL-c) [34] [35] [36] . Subsequently, once ART is initiated, LDL-c and total cholesterol tend to rise and peak approximately 2 years after ART initiation [37] [38] [39] . In particular, protease inhibitors (particularly early-generation protease inhibitors) have been linked to hypertriglyceridemia, hyperlipidemia, and metabolic syndrome, and as many as 80 % of PLWH taking protease inhibitors experience elevation in plasma lipid concentrations [37, [40] [41] [42] [43] . For this and other reasons related to tolerability, protease inhibitorbased regimens have largely been replaced by integrase inhibitorbased regimens as the first-line standard of care in resource-rich settings [44] . Integrase inhibitors, which generally do not require Bboosters^(which are used for some other ART combinations to inhibit cytochrome P450 in order to increase drug levels and efficacy), have more favorable effects on lipids compared to current generation protease inhibitors [45•] . There is substantial heterogeneity in the lipid-altering effects of nucleoside reverse transcriptase inhibitors (NRTIs). For instance, although many NRTIs have been associated with substantial increases in lipid levels (including total cholesterol, HDL-c, LDL-c, and triglycerides) for previously ART-naïve persons initiating ART, tenofovir is associated with comparatively small increases in lipid levels when started in previously ART-naïve persons [46] . In addition to dyslipidemia, cigarette smoking is also particularly common among some populations of PLWH and associated with a significant excess in CVD as well as all-cause mortality [47] ; a recent study in a Danish cohort found that the population-attributable risk of death associated with smoking is twice that for PLWH compared with the uninfected population [48] . Finally, blood pressure is typically lower during untreated HIV infection but rises after ART initiation, and long-term ART use is associated with higher rates of hypertension compared to uninfected controls [49] . Many of the most recent studies on blood pressure changes with ART have been performed in HIV-ECs and are discussed below.
Atherosclerotic CVD: HIV-Related Factors
In addition to traditional risk factors, there are HIV-specific factors that increase CVD risk. Although studies from the premodern ART era raised the concern that some ARTs may be associated with risk of MI [50] [51] [52] , it has become increasingly apparent that HIV-related factors such as viral replication, inflammation, and immunodeficiency drive atherosclerotic CVD risk. This may be due, in part, to fewer cardiovascular side effects of contemporary ART. However, several studies over the past decade demonstrated that early initiation of ART reduces all-cause mortality and appears to decrease inflammation, improve endothelial function, and curtail progression of carotid intima-media thickness [53] [54] [55] [56] . Nevertheless, even with successful viral suppression through effective ART or elite controller status (no detectable viral load or decrease in CD4 count despite not taking ART), PLWH have substantial residual inflammation and atherosclerosis [54, [57] [58] [59] . A likely mechanism for this residual risk is that low-level viral replication persists in HIV reservoirs even when HIV viremia is suppressed, thereby driving chronic HIV-related inflammation [60] .
Chronic immune activation-particularly T cell activation-and inflammation occur even in treated HIV [61] [62] [63] and are associated with atherosclerosis, endothelial dysfunction, and adverse cardiovascular events. PLHIV have significantly elevated levels of C-reactive protein (CRP, a general inflammatory biomarker) compared with uninfected persons; among PLWH, greater CRP (or high-sensitivity CRP: hsCRP) is associated with significantly greater atherosclerosis and MI risk [64, 65] . Interleukin 6 (IL-6), an inflammatory cytokine strongly associated with coronary heart disease risk [66] , is significantly elevated among PLWH, as are D-dimer (a coagulation marker associated with thrombosis [67] ) and cystatin C (a marker of kidney impairment for which elevated levels have been associated with CVD) [68, 69] . Notably, IL-6 and D-dimer are strongly associated with all-cause mortality in the setting of HIV [70] . PLHIValso have elevated levels of monocyte and macrophage activation markers-such as soluble CD163 and soluble CD14, which are associated with arterial inflammation and coronary plaque among PLWH [57, 71] as well as monocyte chemoattractant protein 1 (MCP-1), which is associated with greater coronary atherosclerosis among PLWH [72] . In light of this chronic inflammation and immune activation, it is perhaps unsurprising that PLHIV are at elevated risk for coronary and carotid atherosclerosis [58, [73] [74] [75] as well as atherosclerotic events such as MI [7, 9] . Greater HIV viral load and lower CD4+ T cell counts are associated with inflammation, endothelial dysfunction, and atherosclerosis [54, [76] [77] [78] , and initiation of ART decreases levels of circulating inflammatory biomarkers and improves endothelial function [53, 54, 79] .
Non-Atherosclerotic CVD
PLWH are at elevated risk for several non-atherosclerotic forms of CVD that occur through various mechanisms. Pulmonary arterial hypertension is a long-recognized complication of HIV, as discussed above, which appears to be driven by several potential mechanisms, including HIV-related endothelial dysfunction, chronic immune activation, co-infection, and potentially other traditional CVD risk factors [27-29, 80, 81] . There are several proposed mechanisms underlying the pathogenesis of systolic and diastolic heart failure in HIV. These mechanisms include HIV-specific factors (such as viral replication, immune activation, and chronic inflammation), environmental/behavioral factors (such as smoking, substance/alcohol use, and poor nutrition), ART-associated dyslipidemia and metabolic disturbances, and co-infection with other viruses and opportunistic infections [17, 22, 24, [82] [83] [84] 85 •, 86 •]. Atrial fibrillation may also be particularly common among HIV-infected persons and appears to associate with HIV disease severity, but mechanisms underlying this potential link are unclear [32] . Future investigations into potential HIV-related mechanisms of heart failure and arrhythmia-such as myocardial scar and epicardial adipose tissue accumulation [24, 87, 88] -may help clarify these questions.
HIV-Associated CVD in HIV-ECs
HIV-ECs carry a heavy burden of HIV and its sequelae. The majority of HIV-ECs are located in SSA; 69 % of all PLWH in the world live on the African continent [86•] . In HIV-ECs, PLWH have a disproportionately higher incidence of heart failure and other CVD than their uninfected counterparts [89, 90] . As discussed above, the burden of CVD has begun to shift from primarily complications of uncontrolled viremia and opportunistic infections (HIV/AIDS cardiomyopathy) to chronic CVDs brought about by cardiometabolic disturbances, chronic immune activation and inflammation, and traditional CVD risk factors [86•] . Greater access to ART in HIVECs has dramatically improved longevity among PLWH, who are increasingly at risk for morbidity and mortality from noncommunicable diseases such as CVD [91, 92•] . Although CVD prevalence is growing for the aging population of PLWH in HIV-ECs [93] , many of these countries do not have the infrastructure in place to adequately address and manage this double burden of disease [94] . The remainder of this review article discusses studies that have evaluated cardiovascular complications of HIV in HIV-ECs.
Patterns of Cardiovascular Morbidity and Mortality in HIV-ECs
As communicable diseases such as HIVare controlled in HIVECs, these countries are now experiencing a double burden of both endemic and newly emerging causes of CVD. Although the majority of CVD in SSA remains secondary to nonatherosclerotic causes, ischemic heart disease is on the rise [86•, 95] . In 2002, THESUS-HF studied 1006 patients with HF across 9 African countries and found that as a group, emerging causes [hypertensive (45.4 %), ischemic (7.7 %), and other emerging (3.4 %)] were slightly more common than endemic causes [idiopathic dilated cardiomyopathy (18.8 %), rheumatic heart disease (14.3 %), peripartum cardiomyopathy (7.7 %), pericardial disease (6.8 %), other endemic (4.0 %), HIV cardiomyopathy (2.6 %), and endomyocardial fibrosis (1.3 %)]. Another recent study [96••] found that heart failure is more than twice as likely to be caused by ischemic etiologies than by uncontrolled HIV in rural SSA-a dramatic change from the early 2000s, when end-stage HIV/AIDS was responsible for a substantial proportion of heart failure in the region [86•, 95, 96••] . Interestingly, the Heart of Soweto study found that coronary artery disease was less prevalent for PLWH compared with uninfected participants (2.4 vs 12.0 %; p value <0.001); however, this analysis was not adjusted for age, and the group of HIV-infected persons (mean age: 39 years) was significantly younger than the rest of the cohort (mean age: 53 years) [97] .
Cardiovascular diseases are not only frequent, but also appear to occur earlier in HIV-ECs. Cardiovascular diseases tend to occur roughly a decade earlier in HIV-ECs such as Cambodia and Thailand [98] , Caribbean [99] , and SSA [96••, 100, 101] than in developed countries, and that the majority of CVD in SSA occurs between the ages of 30 and 69 [86•, 95, 96••, 102] . Etiologies of cardiomyopathy also vary considerably by age. For instance, in THESUS-HF, there was a mean age difference of 15 years (mean age 45 vs 60) for patients with endemic CVD (e.g., HIV/AIDS cardiomyopathy or rheumatic heart disease) versus emerging CVD (e.g., ischemic or hypertensive heart disease) [95] .
Traditional CVD Risk Factors in HIV-ECs
Lifestyle changes due to urbanization and industrialization in recent decades in low and middle income countries (LMICs), including HIV-ECs, have contributed to an increasing prevalence of obesity, diabetes, hypertension, and dyslipidemia in these regions [103] [104] [105] [106] . While prevalence of hypertension has historically been lower in HIV-ECs than high-income countries, the prevalence of hypertension is rising and thought to be as high as 46 % for adults in certain areas of Africa [107] [108] [109] . In the Caribbean, the overall prevalence of hypertension is estimated at 30-40 % and as high as 50 % in Jamaica [110] ; this has been attributed to increasing obesity, physical inactivity, and high prevalence of tobacco and alcohol use [111] [112] [113] . In Cambodia, the prevalence of HTN is much lower but rising (recently estimated at 12.3 %) [114] . With increasing globalization and the adoption of BWestern lifestyles^in HIV-ECs, tobacco and alcohol use, sedentary lifestyles, and atherogenic fast food consumption are becoming more common, thus contributing to the increasing burden of CVD in these countries [105, 114] .
Unique CVD Risk Considerations Among PLHIV in HIV-ECs
In addition to traditional CVD risk factors, HIV-related factors may contribute to CVD in HIV-ECs. As discussed in detail above, HIV-related inflammation and immune dysfunction are implicated in endothelial dysfunction, atherosclerosis, and overt CVD even in the setting of well-controlled HIV. A meta-analysis in 2013 by Dillon et al. noted that HIV was associated with lower BMI, lower systolic and diastolic BP, lower HDL levels, and higher TG levels [95] . Many studies included in this analysis failed to adequately distinguish between PLWH who were well controlled on ART and those with more advanced immunosuppression and AIDS. Advanced AIDS is typically associated with wasting, lower blood pressure, and lower lipid levels. For a substantial proportion of HIV-infected persons in HIV-ECs still without access to ART and/or with uncontrolled HIV, known complications associated with later stage disease such as HIV/AIDS cardiomyopathy remain relevant [50, 52, 55] . Fortunately, use of metabolically toxic first generation protease inhibitors and older NRTIs (such as stavudine or zidovudine) is absent or declining in HIV-ECs; however, access to newer integraseinhibitors remains limited.
Initiation of ART-which is increasingly common for PLWH in HIV-ECs as a result of increased access to HIV testing and linkage to care-is associated with obesity, hypertension, metabolic syndrome, and diabetes [49, 107, 115•, 116-119] . Many epidemiologic studies of blood pressure in HIV-ECs suggest that HIV infection is generally associated with lower blood pressure [118, 120•, 121-123] . Similar to resource-rich settings, ART initiation is associated with increased BP, and the development of hypertension is not uncommon. [124••, 125••] . A study of PLWH in Kenya revealed important gender differences, with hypertension prevalence of 7 and 11 % among women and men, respectively [126] . The pathophysiology underlying the cause of increased hypertension with ART is still unknown, although various mechanisms have been proposed, such as a Breturn to health^phenomenon or chronic residual inflammation and direct vascular remodeling. In order to evaluate this question, a study evaluated 500 participants in SSA who recently started ART and found that blood pressure increased 6 months after initiation of ART and was associated with increased weight gain, but not HIV viral load [124] . Importantly, there was also a reduction in inflammatory biomarkers (including IL-6, sCD14, and D-dimer) 6 months after initiation of therapy [124, 127] . A propensity matched analysis of PLWH exposed and naïve to ART estimates the average treatment effect on those treated with ART to be an increase of 8 mmHg in systolic and 7 mmHg in diastolic blood pressure [125••] . Further studies are needed to better elucidate the influence of active viremia and newgeneration ART on the development and progression of CVD in HIV-ECs.
Preparing for an Increased Burden of Cardiovascular Risk in HIV-ECs
As the burden of HIV-related cardiovascular complications increases in HIV-ECs, it is necessary to develop strategies to predict, prevent, and treat CVD in these regions. Here, we discuss potential approaches to CVD risk stratification, treatment, and prevention in HIV-ECs.
CVD Risk Stratification Tools
Most available risk prediction tools for CVD used in highincome countries require laboratory-related measures, which may be too costly to be realistically applied throughout HIVECs at this juncture [128••] . Therefore, non-laboratory-based methods to stratify CVD risk and identify persons who would derive the greatest benefit from CVD prevention programs and pharmacological intervention may represent a reasonable approach in HIV-ECs. Studies comparing CVD risk stratification tools that include laboratory-based measures (such as the Framingham Risk Score or the 2013 American College of Cardiology/American Heart Association ASCVD Risk Estimator) versus non-laboratory-based tools have demonstrated fairly similar performance between the laboratorybased and non-laboratory-based tools. Although studies in South African [129, 130] and Thai [131] cohorts have demonstrated strong agreement between laboratory-based and non-laboratory-based CVD risk estimation tools, whether these findings are generalizable across HIV-ECs remains unknown. HIV-specific risk calculators such as the Datacollection on Adverse Effects of Anti-HIV Drugs (D:A:D) study equation exist, but their discrimination and calibration are not well validated, there is poor agreement with other risk models, and they require laboratory measures [132, 133] . Perhaps more importantly, given the cultural heterogeneity and diversity of medical-social milieus across HIV-ECs, further research is needed to evaluate whether the use of risk estimation tools for screening in HIV-ECs will improve clinical outcomes. Community health workers could be integral to such a strategy [134] .
Health System Strengthening
Currently, interventions at both the individual and the population level in HIV-ECs are scarce. Clinics are not equipped with trained professionals or the diagnostic tools to evaluate patients for CVD [93, 94] . Infrastructure in resource-poor settings has not been able to keep up with the growing burden of cardiovascular risk factors-particularly hypertension and diabetes-in HIV-ECs. Patients hospitalized with serious complications of diabetes-such as diabetic ketoacidosis-are often discharged with days to weeks' worth of medication but no available follow-up or chronic care [116] . Yet, a recent systematic review would suggest that CVD care quality can be substantially improved with interventions that target the patient/provider level and the health systems in low-and middle-income countries [135] .
One opportunity to improve CVD care in HIV-ECs is to leverage existing HIV/AIDS infrastructure. HIV-ECs have made considerable progress in creating sustainable clinics and health care systems to provide HIV patients with ART and continuing care. Ideally, screening of CVD and its risk factors would be integrated into chronic HIV care to provide comprehensive care to patients at highest risk and then expand to incorporate non-HIV-infected patients as well [101, 136•, 137, 138••] . Projects addressing these concerns are already underway. In 2002, Medecins San Frontieres (MSF) and the Cambodian Ministry of Health established chronic disease clinics that integrated HIV/AIDS care with diabetes and HTN management in hopes to provide better access to NCD management [116] . Retention rate for patients with diabetes was 70 %. The project demonstrated the effectiveness of utilizing integrated clinic models that use effective strategies learned from the HIV program model in HIV-EC to address the growing burden of CVD across the world. The Academic Model Providing Access to Healthcare (AMPATH) program in Western Kenya has similarly used HIV counselors to screen for diabetes and hypertension in patients' homes and with community-based screening [139] . More study is needed to evaluate the impact of strong HIV/AIDS care systems on non-AIDS outcomes in SSA.
Conclusions
CVD is emerging as a leading cause of morbidity and mortality among PLHIV throughout the world, particularly in HIVECs. Yet, very little of the research on CVD in PLWH has been conducted in HIV-ECs. One advantage of conducting research on cardiovascular complications of HIV in HIVECs is the relative ease with which observational studies of well-matched uninfected controls may be performed. Demographics and other CVD risk factors may be more evenly distributed among PLWH and uninfected persons in HIVECs than in non-endemic countries (such as the USA), thus limiting the potential for unmeasured confounding. Furthermore, relatively larger numbers of HIV-infected women in HIV-ECs (over half of the 26 million PLWH in SSA are women [140] ) allow for well-powered research on sex differences in HIV and CVD.
Future work should also focus on adapting public health policy to address the growing CVD burden in HIV-ECs. Public health interventions could provide education in schools, rural areas (likely through the use of community health workers), and integrated clinic care models that can provide both treatment and preventive interventions to the community. To succeed, these efforts must also be accompanied by substantial investment in clinical infrastructure, human resources, diagnostics, and therapeutics that are locally relevant and scalable. Ultimately, if stakeholders can expand upon the successes of HIV treatment and prevention programs in HIV-ECs and direct resources and infrastructure to prevention and treatment of chronic complications of HIV, it may be possible to curb the growing burden of chronic diseasesincluding CVD-in these countries. 
